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Abstract: The machine tool industry, which is the starting point of all the metal producing activities,
is presently undergoing rapid and continuous changes as a result of the fourth industrial revolution
Industry 4.0. Manufacturing models are profoundly transforming with emerging digitalization.
Smart technologies like artificial intelligence (AI), big data, the Internet of Things (IoT), digital twin,
allow the machine tool companies to optimize processes, increase efficiency and reduce waste through
a new phase of automation. These technologies, as well, enable the machine tool producers to reach
the aim of creating products with improved performance, extended life, high reliability that are
eco-efficient. Therefore, Industry 4.0 could be perceived as an invaluable opportunity for the machine
tool sector, only if the sector has a competent workforce capable of handling the implementation
of new business models and technological developments. The main condition to create this highly
qualified workforce is reskilling and upskilling of the current workforce. Once we define the expected
evolution of skills requirements, we can clarify the skills mismatch between the workers and job
profiles. Only then, we can reduce them by delivering well-developed trainings. For this purpose,
this article identifies the current and foreseen skills requirements demanded by the machine tool
industry workforce. To this end, we generated an integrated database for the sector with the present
and prospective skills needs of the metal processing sector professionals. The presented sectoral
database is a fundamental structure that will make the sector acquire targeted industrial reforms.
It can also be an essential instrument for machine tool companies, policymakers, academics and
education or training centers to build well-designed and effective training programs to enhance the
skills of the labor force.
Keywords: Industry 4.0; skills; workforce; machining; machine tool sector; metal sub-sector;
digitalization
1. Introduction
The “machine tool sector” is one of the significant sub-sectors of the metal industry managing and
manufacturing sells and serving machine tool equipment and supplies [1,2]. It is applied to all stages
of processes, along with the design, development, technical assistance and provision of solutions to
customers regarding machine tools. The machine tool industry and the manufacturing technologies
connected with it are pillars of modern manufacturing: They are the incipience of almost every metal
manufacturing activity [3].
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According to the International Organization for Standardization (ISO), a “machine tool” is a
mechanical utensil, set up and powered, and generally employed to manipulate workpieces by
removing or adding material or deforming mechanically in a selective manner [3,4]. There exists a large
variety of metalworking machine tools with different technologies such as lathes, sheet metal forming
machines, milling machines, grinding machines, electrical discharge machining (EDM) machines,
laser cutting and additive manufacturing machines. Therefore, machine tools are an excessively
heterogeneous group of products due to their high level of customization and variety regarding the size
and the material of the piece of work being machined, the level of automation, speed or performance [5].
Stainless steel, aluminum, copper and titanium are examples of the metals being tooled [3]. Additionally,
machine tools allow the manufacturing of other machines (including themselves) and components for
key industries such as automotive, aerospace, energy and medical technology [3].
In recent years, the machine tool sector has undergone profound and continuous changes as a
result of the ongoing industrial revolution, Industry 4.0 or the digitalization of Industry. The word
“Industry 4.0” is related to novel manufacturing processes that are partially or fully mechanized
by technology and instruments that interact independently through activities in the value chain [6].
Consequently, it is mainly based on the computers’ intelligent systems, electrical machinery and modern
information technologies (ITs). Digital transformation is a predominant factor of the ongoing industrial
revolution leading to the revolution of the traditional industry through intelligent manufacturing [7,8].
As a result, rapidly increasing digitalization has changed the progress of most sectors, in addition to
the machine tool sector. Manufacturing models are still evolving with the on-going advancements in
intelligent technologies such as the new generation of sensors, advanced robotics, artificial intelligence
(AI), the Internet of Things (IoT), machine learning, Internet of Services (IoS), Cyber-Physical-Systems
(CPS), cloud computing, machine-to-machine (M2M) communication, etc. These essential technologies
enable a new stage in automation and give as a result more creative and efficient processes, products and
services. They can be applied equally to a recently-constructed plant or to existing plants, which leads
to the transformation of traditional manufacturing companies into intelligent production systems
called “smart factories” [9]. Smart Factories integrate production, communication, computing and
control processes into automated, digitalized and context-aware manufacturing systems to gain in the
optimization of business models [10,11].
The development and introduction of the aforementioned innovative technologies and smart
factories allow the machine tool sector to generate higher quality products with extended life
and enhanced performance through process optimization [12]. Since the machine tool producers,
in particular, are also responsible for providing the costumers a wide range of services including
maintenance, gathering and analyzing real-time data through IoT, sensors, machine learning, etc.
technologies has a substantial advantage for them. Industry 4.0 presents an incalculable opportunity
for the machine tool sector as it reshapes and improves not only all the production processes, business
models but also the quality of their services and the way that the sector adds value [13]. At the same
time, flexible, progressively interconnected and complex processes are transforming the organizational
structure, job profiles and skills requirements of the machine tool companies and the training of their
workforce [13].
Conclusively, the machine tool sector urgently needs to build a competent, multi-skilled labor force
that is capable of handling all the aforementioned technological developments and the implementation
of new business models. Creating this professional workforce is simply possible through reskilling and
upskilling of the current workforce. Only workers with upgraded skills, knowledge and credentials
will have enough capability to adapt to the digital transition, shift in production systems and
newly adopted working systems and trends, and they will enable the industry to keep up with the
emerging digitalization. Addressing the current skills requirements and anticipating the potential
skills requirements of the machine tool industry is the initial step for the continuous upskilling and
reskilling of its labor force. This research accomplishes this objective by carrying out a detailed
analysis and generating a sectoral database. Once the forecasted evolution of skills requirements are
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defined, a long-term plan-methodology should be established for the implementation of new skills and
minimizing the skills gap between the industry and the current workforce. It should incorporate tools
that besides providing solutions for recruiting new talents, but also present well-organized training
and education programs to current workers, and redesign work processes [6].
Taking everything into account, the machine tool sector crucially needs a clear roadmap leading
the sector to know the present and future requirements of skills. Thus, the industry has been
lacking tools for the implementation of new skills and competences. In addition, there is a lack of
guidelines for policymakers in the field of education, which enable relevant degrees, subject-matter
syllabuses and continuing education programs to be compatible with the skills needs of the sector.
Our work is developed to respond to these needs. In the second section of this article, we analyzed
the digital technologies that have a direct impact on the machine tool industry and clarified the
challenges emerging from the implementation of these technologies in the sector. In the third section,
initially, we determined the latest skills trends affecting the machine tool industry carrying out
detailed desktop research. Then, we suggested a general strategic plan for the sector to acquire the
required future skills. Finally, we presented the main objective of our research: developing a sectorial
skills database by identifying the current and future skills needs of the sector. For this purpose,
we essentially reviewed the skills implementation strategies adopted by other sectors (e.g., automotive,
steel, construction) and created a methodology plan—adapted from a wide range of European sectoral
and inter-sectoral projects and articles—for the machine tool industry to know the needs regarding
future skills. Then, for the development of the database, we identified the present and near-future
fundamental skills and competencies required for the occupations (engineers, operators and managers)
in the machine tool sector. We utilized ESCO’s database (database of European Skills, Competences,
Credentials and Occupations) as the main data source for defining not only the current professional
profiles in the machine tool sector but also the skills required for each profile. After, we built the
automated database incorporating the selected profiles and current skills demanded by these profiles
in an excel format applying Visual Basic for Applications (VBA). During the future skills development
process, we evaluated the whole set of the job profiles in the database individually, and choose the
profiles that would be altered due to the digitalization of the industry. While gathering data about the
future competencies, we also used distinguished European references: a range of strategic sectoral and
cross-sectoral European projects and frameworks. Once we identified the additional skills required for
each profession, we incorporated them into our database to finalize the update process. Finally, we
created a database of present and future skills required for each sectorial profile. In the last section
of this paper, we discussed the main conclusions of our research, making suggestions to researchers,
policy-makers, companies and training centers.
We aimed for the sectorial database to be used as a fundamental tool by the machine tool industry
through all the future industrial changes. We believe that it will fulfill this aim. The target end-users
of the established database are, therefore, machine tool sector companies, universities and education
centers in charge of the development of training programs to meet the above-mentioned skills needs.
We think that this research will be used by machine tool companies, academia and training centers as
an essential framework guiding them to create the desired multi-skilled workforce.
2. Digitalisation of Machine Tool Industry
Even though the term “Industry 4.0” is relatively new, technological developments applied to
machine tools first appeared almost 40 years ago and were increasing over time. Nevertheless, the launch
and progress of the last industrial revolution strategy in recent years led to the exponential growth
of the inventions related to the sector [14]. Therefore, the machine tool sector could benefit from
Industry 4.0, which reshapes the industry and adjusts the whole production division [15]. According to
the European Association of the Machine Tool Industries (CECIMO), continuous innovation and
integration of the new technologies enable the European Machine tool industry to create products with
a longer life cycle, provide upgraded completion and integrated solutions to customers, and they are
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more reliable, safer to operate and eco-efficient [3]. New generation machine tools (Machine Tool 4.0)
feature an extensive implementation of CPS, IoT, sensors, computing technologies and incorporate
network connectivity, flexibility, foreseeability of intelligence, and real-time response loops [16,17].
Hence, digital technologies alter machine tools and convert them into intelligent assets, which are
capable of collecting and exchanging real-time data about their condition and performance as well
as their environment, thus providing transparency in the production process. Integration of these
smart technologies in the sector serves one main function in particular: enhanced productivity.
They allow the manufacturers to optimize processes, improve product quality, and reduce waste and
production time through real-time problem solving and advanced process control [5]. As a result,
their application enables machine tool manufacturers not only to maximize the equipment efficiency
and to lower the production costs but also to offer novel services as predictive maintenance [5].
Predictive maintenance is an entirely new opportunity provided by Industry 4.0. It increases product
reliability and availability and extends the lifetime of products [18] Real-time data covering the state of
the machine tool components and the period the tool operated are collected through sensors technology
and IoT [19]. After the data collection, Big Data and Machine Learning solutions would enable building
predictive models and algorithms capable of identifying potential failures and reducing downtimes
through the early detection of possible problems prior to asset failure [18,20–23]. This predictive
maintenance results in running continuously in machines and equipment are more efficient and prevent
downtime [20,21]. The smart technologies, moreover, could be used to identify when machines are being
used improperly and prevent human errors, evading inactivity and workplace injuries [20]. Industry 4.0
related technologies will also transform completely the quality assurance (QA) process by establishing
real-time QA through an automated virtual metrology (AVM) system [20,24]. These systems consist of
gathering data concerning conditions, quality, and state of the products, and combining them with
information related to the machines and processes, and using a real-time element to QA inspections.
This facilitates to carry manufacturing operations during a major QA inspection, with insignificant
interruptions and immediate feedback [20,21]. Moreover, industrial cybersecurity has lately turned
into a global concern and data safety has become a first-place priority globally. IoT has proved to be
a solution to this issue since it enables the commodity to be detected and ensures traceability from
cultivation to the supplied string [15,19]. In addition, the emerging digitalization trend makes an
immense contribution to sustainable and resource-saving manufacturing [5,25]. Since machine tools
are the starting point of almost every manufacturing activity, it has a tremendous impact on other
sectors enabling them to have more sustainable manufacturing processes [5]. It is well-known that
machine devices and their hardware consume a lot of energy. Digital technologies are making the
consumption of resources easier to measure: The IoT sensors and platforms are used to collect data
on energy use and inform operations while using smart meters and other smart tools are utilized
to control the flow of energy efficiently [19–21]. Thanks to these technologies, better control of the
manufacturing process and traceability make it possible to optimize business operations, maximize
energy efficiency, reduce waste and manage resources more efficiently [5]. “Digital twin” is another 4.0
technology that has a lot of promise for the machine tool sector. It provides intelligent, machine-level
decision-making at a factory level. As an example, digital twins of processes can offer options to fix the
machine tool to engineers and assist technicians to pick the best time for repairs considering the entire
downstream process [5]. Incorporating the aforementioned 4.0 technologies would guide a speedier
industrial transformation process in the machine tool industry. It would shift the market abruptly,
making it easier to manufacture better quality machine tools in a shorter period and at a lower cost.
As well, hardware-oriented skills such as additive manufacturing represent a tremendous challenge
that will influence the sector due to a higher possibility of shorter series, retro-fittings and repairs based
on this relatively new technology [26]. Machine tools are barely mass-produced, and, in the majority of
the cases, their initial designs are modified in order to meet customers’ specific requirements related to
workpiece geometry or production completions. Accordingly, the machine tool producers are expected
to provide a broad range of services for the customers particularly as regards maintenance, repair,
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application engineering and on-site training [5]. Since the average European machine tool company is
a Small or Medium-Sized Company (SME), it is challenging for the machine tool producers to answer
to high expectations. If these companies make good use of emerging digitalization and integrate the 4.0
technologies into their production plants at full capacity, they will be able to respond to their customers’
demands effectively and extremely improve their quality of services.
At the same time, implementing Industry 4.0 in the machine tool sector (as in other sectors)
has some inherent risks and disadvantages including (a) the negative impact of data sharing in a
competitive environment, (b) the need of completing the digital transformation on the whole supply
chain for the success, (c) the need of handling employees and trade unions apprehension for the
automation of low degree operations (d) the need of highly skilled (and/or continuously trained) labor,
(e) the socio-technical implications of Industry 4.0 (e.g., related to the aforementioned polarization
of jobs, the shift in favor of capital away from labor, etc.), (f) cyber-security issues in operations and
plants and g) the significant initial cost and time for its implementation [27].
On the other hand, most European Machine Tool producers being SMEs [5] has certain drawbacks
because SMEs are faced with considerably more challenges in undergoing digital transformation
processes than large corporations. They can struggle to keep up with digitalization particularly in terms
of both the implementation of new technologies and the training of the workforce. In the long-term, if they
fail to handle these innovative technologies, they will be pushed out of the market. Therefore, they should
try to focus on innovation and look for support in order to keep their global competitiveness.
A substantial amount of support can be provided to these companies through well-developed skills
policies, well-targeted supporting measures at EU and national levels, and European frameworks for
training and professional development in schools, universities, other higher education institutions and
companies [13,28]. If SMEs get the necessary support and are encouraged enough to implement the
required transformation and modification of content, methods and business models, the machine tool
sector will reap considerable rewards in a not too far future.
3. Identifying the Current and Future Skills Requirements for the Machine Tool Sector
In this section, we focused on identifying the skills needs (current and near-future) of the machine
tool workforce. For this purpose, we firstly analyzed the latest skills trends affecting the machine tool
industry carrying out detailed desktop research. Then, we suggested a long-term skills strategy for the
sector to meet future skills requirements. Ultimately, we presented the methodology and results of our
research: development of the automated skills database for the machine tool sector.
3.1. General Skills Trends for the Machine Tool Sector
The key requirement to identify the anticipated evolution of skills needs is to have a general
portray of the future machine tool sector. It can only be achieved by analyzing the industrial changes
brought by Industry 4.0. Firstly, because of the real-time data generated by smart and automated
production systems, employees will be capable of making more informed decisions and dealing with
complex situations. Most workers will be managing their daily operations alongside robots and
machines [21]. Many jobs performed physically by using machine tools will be carried out by operating
them through computers, monitoring data, and providing oversight to automated activities. Thanks to
advanced robotics technology, collaborative robotic systems will take on simple and monotonous
tasks, whereas operators will execute tasks that need higher skills and make crucial decisions [29].
Automation will also result in improved safety allowing workers to stay at a safe distance from the
machines [20]. The integration of artificial intelligence will reinforce team-orientation, and conventional
top-down hierarchical organizations will lose influence. Teamwork between co-workers and automated
systems will gain importance [30]. In general, work profiles would be required to perform a more
complex and wider range of tasks in different departments. It is also predicted that staff would have
broader experience and skills in a variety of subjects [29].
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In general, the integration of digital innovations demands the development of new technological
and transversal skills among the machine tool workforce. This will require retraining and reskilling of
the workforce. The most observed effect of these technological innovations is the increasingly growing
demand for technological skills [29,31]. These incorporate basic digital skills, along with advanced
technological skills, such as computing, data analysis and evaluation [13,31]. As a result of this demand,
data security together with data safety will become more relevant [24]. Social and emotional skills
will also be highly demanded due to the implementation of advanced technologies [29,31]. And the
workforce will be responsible for more important tasks due to growing automation. These tasks
will require numeracy, advanced literacy, information and communications technology (ICT) as well
as several soft skills such as problem-solving skills, initiative-taking, and teamwork skills [32,33].
Cognitive skills needs will be altered from a basic level to a higher one since the automation of
computers will reduce the number of tasks requiring basic cognitive skills (such as auditory and visual
processing) [31]. Higher cognitive skills, for example, creativity, thinking strategically, teamwork,
lifelong learning, decision-making, problem-solving, and so on, will become crucial [25,31]. In addition,
skills like problem management, processing and abstracting complex information (in order to achieve
a simpler representation of the larger picture), critical thinking, cross-functional process know-how,
interdisciplinary thinking and acting as well as communication skills, and customer relationship
management would be expected from the near future workforce [13,29,32]. Depending on the variety
of automated tasks, the needed manual and physical skills would be updated. Regardless of the
reduced demand, they will continue being the largest group of workforce skills [31]. Other significant
classes of skills are green skills; They are considered essential to sustain the aspiring power of the
European manufacturing industry for the increasing emphasis on sustainability [34].
3.2. Long-Term Skills Strategy
This chapter presents a general strategic plan for the machine tool sector to fulfill future skills
requirements. The long-term strategy guides the sector by identifying the skills gaps between what the
industry expects and what the workforce delivers as well as bridging these gaps and implementing
the new skills gaps. The activities that these long-term skills approach covers should encourage the
workforce to be proactive in integrating new technologies that optimize production and increase
productivity. In order to minimize the time needed for the complete digitalization of the sector, the
activities must provide supervision for implementing the skills and developing the tools for the
implementation through training programs [25,35–40]. To complete an effective digital transformation
in the sector, this proactive skills strategy should include the following steps: The first step is to
evaluate the actual status of digitalization of the sector [25] (the machine tool industry, in this case)
and to examine the key trends related to foreseen technological developments [37]. Once the most
significant technological innovations and relevant skills needs are identified, a proper future scenario
can be established. Economic innovations connected with digital transformations should also be taken
into consideration in this scenario [25]. The industrial processes and the job profiles impacted by
the digital transition will be also analyzed. The second step involves identifying the professional
profiles and the skills that the future will demand and defining the skills gaps generated by current
and expected technological developments [25,37]. The most critical part of this process is to define
the skills needs of the industry in a pro-active and constructive manner, taking skills shortages into
consideration [33]. An automated database with the required skills and competencies of the job profiles
of the sector will be created. This database will provide international recognition and a common basis
for the skills and professions required in the machine tool sector. In the following phase, the instruction
and curricula needs will be established taking skills gaps into account. After, training programs for the
identified skills needs and professional profiles will be created [37]. In addition, companies, formal
education and training centers should develop new methods for delivering the educational content
more efficiently and rapidly. Training contents and systems should be updated constantly in order
to achieve higher quality programs [25]. Since workplace training for Industry 4.0 is the key to the
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success of industrial enterprises [13], company training contents will be the main focus of this step.
Training programs should also include talent management and recruiting methods in their contents [25].
On the other hand, in order to carry out the relevant adjustments in the education and training systems,
the constantly changing list of skills requirements must be regularly updated [13]. By following this
roadmap, machine tool companies and training centers can ensure a good matching between the skills
demanded by the sector and skills delivered by the training programs and consequently, they will
develop new common standards for the skills [25,40]. And then, the final step will be to find innovative
approaches to draw more qualified people to the machine tool sector, to boost prospects for a more
diverse pool of talent and to address recruitment obstacles [25,37,38].
Our work includes the first two steps of the plan.
3.3. Development of the Sectorial Database
The main objective of this research was to create a database of skills requirements (present and
near-future) for the machine tool sector professional profiles. This section presents the development of
the methodology and results of the research.
3.3.1. Materials and Methods
As in the previous studies of our research team [41–43], the methodology developed in this work
combines detailed desk research of publications, cross-sectorial European frameworks and projects with
the compilations of subject matter experts’ opinions about the skills needs of the machine tool sector.
During the creation of the database presented here, we adopted two main references: the ESCO
database (produced by the homonymous ESCO association—European Multilingual Classification
of Skills, Competences, Qualifications and Occupations—developed by the European Commission);
and ESSA (Industry-driven sustainable European Steel Skills Agenda and Strategy)—an EU project
in which we directly took part and which aims to develop a Blueprint for “New Skills Agenda” [25].
Also, we exploited the desktop research that we performed during the development of Section 2
(identifying the digital technologies used by the machine tool sector) and 3.1 (the future skills trends for
the machine tool sector). We, in addition, used the European ICT System of Professional Role Profiles
(managed by CEPIS, the Council of European Professional Informatics Societies, and CEN, the European
Committee for Standardization) as an important source. Moreover, we benefited from a range of strategic
sectoral and inter-sectoral European or natural initiatives, in some of which we participated: Procedures
for Quality Apprenticeships in Educational Organizations (APPRENTICESHIPQ) [38], Digitalization of
Small and Medium Enterprises, SMEs (SMeART) [39], SPIRE-SAIS (multi-sectorial, for energy efficiency
and industrial symbiosis) [40], Machine tool alliance for skills (METALS) [44], CECIMO Circular
Economy Report [5] and ACETECH Industrie 4.0 Skills Development Study [13]. Therefore, it is
essential to provide definitions of the aforementioned references in favor of a clear understanding
of the research. ESCO can be referred to as a dictionary of qualifications, skills and professional
occupations related to the labor market, training and education [45], where the aforementioned
terms are all defined in detail and classified accordingly. The data present in the ESCO database is
grounded in the original framework: “International Standard Classification of Occupations” (ISCO-08)
released by the International Labor Organization (ILO). Therefore, ESCO is directly linked with
ISCO, the International Standard Classification of Occupations, which offers a wide categorization of
occupational groups supervised by ILO. Additionally, CEPIS is a non-profit-making institution that
aims to promote the development of renowned standards among IT practitioners acknowledging the
effect of information technology on jobs, society and industry [46]. Moreover, the CEN (European
Committee for Standardization) is an organization that connects the National Standardization Entities
of 34 European countries promoting standardization activities in a wide variety of sectors and fields [47].
These two organizations supported the development of the European ICT Professional Role Profiles
Framework aiming at contributing to a common European reference way of communication for the
growth, planning and management of the professional needs regarding ICT from a longstanding
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perspective and to the complete blooming of the ICT profession [48]. Finally, ACETECH is the German
National Academy of Science and Engineering which was funded by the Federal German Government
in order to provide independent, evidence-based advice on strategic engineering and technology
policy issues to policymakers and the public [49]. The study of ACETECH which we used in this
work, Industrie 4.0 Skills Development Study, was developed to identify the skills required by SMEs to
increase the efficiency of industrial processes [13].
As indicated, we used VBA as the programming language in Microsoft Excel for the generation of
the automated database for job profiles. It is also worth mentioning that an Application Programming
Interface was developed in order to automate the updating of the developed database. It was needed
to keep up with the ESCO’s updating processes since ESCO updates its profile database regularly.
3.3.2. Results and Discussion
The goal of our research methodology has been to generate an automated database of skills
requirements (present and near-future) for the machine tool sector professional profiles.
During the selection of the sector related job profiles and detection of their current skills
requirements, we used ESCO’s research as our main data source. We initially selected all the machine
tool sector-related occupations in the ESCO database. Once we extracted them from the database,
we incorporated them into a word excel spreadsheet. Then, we performed an automation process
using VBA in the excel file. As a result, we generated the first version of the automated database which
included only the current skills requirements for the selected occupations.
The next step was to identify future skills requirements and integrate them into the database.
ESCO provides us a very useful database that serves as a reliable, systematic and effective
reference to obtain information about professional occupations and skills relevant to the EU labor
market. However, it does not incorporate satisfactory information about the new skills needs emerging
with technological innovations digitalization of each sector. Additionally, it does not include transversal
skills. ESCO’s content needs to be updated about future skills demands as a consequence of the
natural evolution of occupations. As a result, we utilized other references dealing with the future skills
requirements of the machine tool sector.
During the identification process of future skills and competencies, we performed desk research
about the digital technologies used in the machine tool industry (Section 2) and general future skills
trends for the sector (Section 3.1). It provided us a general idea about the additional skills that are
demanded from the workforce to accomplish the full sectorial digital transformation and to obtain a
competitive and sustainable machine tool sector.
Then, we applied the general aspects of the methodology that we had created in ESSA on the
machine tool sector. Thus, we used the ESSA project as our main reference for defining future skills.
Subsequently, we selected the most relevant skills from the European ICT Professional Role Profiles
framework (ICT related skills), SPIRE-SAIS project (green skills), METALS project (technical, green and
transversal skills), and the aforementioned researches performed by CECIMO association (technical
and green skills) and ACETECH (transversal skills) and identified the specific and general skills that
will be needed by the machine tool sector workforce in the near future. Combining this process with
the detailed research carried out in Sections 2 and 3.1, and compilations of subject matter experts’
opinions, we generated a final list for the future skills needs of the machine tool sector. Tables 1–3
demonstrate the final future skills lists. We also classified these new skills as technical skills, green skills
and transversal skills to be practical.
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Table 1. Final list of the identified future technical skills for the machine tool workforce.




















ERP and MES systems
Communication among components, equipment (M2M), and environment
Online inspection and monitoring systems
Equipment and process monitoring & its implementation
Automated virtual metrology (AVM) system
Traceability
Blockchain
Predictive and Proactive maintenance
Computerized Maintenance Management
Process simulation and integration in manufacturing
Virtual systems for process simulation and for process control
Basic digital skills
Basic data input and processing
Advanced IT skills and programming
Advanced data analysis and modelization
Data management-safe storage,
Cybersecurity
Use of digital communication tools
E-commerce
Financial literacy
Knowledge and understanding of quality procedures related to digital transformation
After identifying the future skills, the next step was determining the job profiles that would
undergo transformations due to the digitalization of the machine tool sector. For executing this
task, we analyzed all the selected professional profiles individually. To this end, we firstly benefited
from the aforementioned European projects in different sectors (steel, automotive, smart engineering,
and so on) to observe the job profiles which needed to be updated due to technological developments.
Then, we identified machine tool job profiles having equivalent tasks with those in other sectors
(production manager, industrial manager, process engineer, project manager, etc.) which had been
transformed by Industry 4.0. We took their future skills requirements and incorporated them into
the database. In particular, the European ICT Professional Role Profiles Framework not only gave
us the ICT-related occupations whose competencies have been altered by Industry 4.0 but also their
future skills. For the rest of the machine tool occupations in the database, it was us who decided
whether their skills needed an update due to digitalization or not. Whenever an update was deemed
necessary for a professional profile, its future skills needs were added manually after a detailed study
based on the opinions of experts on the subject matter. Before their integration into the database,
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we also evaluated future skills for each professional profile one by one in order to divide them into two
categories: essential and optional.
Table 2. Final list of the identified future transversal skills for the machine tool workforce.




Interpersonal skills and empathy
Leadership and managing others
Entrepreneurship and initiative taking
Risk management
Opportunity assessment
Adaptability and adapt to change
Continuous learning
Teaching and training others
Critical thinking and decision making
Cross-functional process know-how







Basic numeracy and communication
Advanced literacy
Quantitative and statistical skills






Table 3. Final list of the identified future green skills for the machine tool workforce.
Future Green Skills for the Machine Tool Industry
Environmental awareness
Energy efficiency
Platforms for energy management of equipment and plants
Monitoring systems of energy consumption
Sustainable resource management
Waste reduction and waste management
Water conservation
Resource reuse/recycling
Knowledge and understanding of international and national standards and legislation
Product life cycle impact assessment
Circular economy
Climate change risk management
Eventually, we incorporated all the defined future skills and competencies into our database and
concluded the update process. As a result, we finally achieved the automated skills database for the
machine tool sector.
In addition, it is important to state that for the purpose of this work we assumed that all current
skills present at the ESCO database will also be required in the future. If they become outdated in
the future, they will be eliminated from both ESCO’s and our database. However, it is not the case at
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the time being. Furthermore, when we detected a future skill need in our research and it was already
present in the ESCO database, we did not name it as a “future skill” anymore; only the new and
additional skills needs that we identified were referred to as “future skills”.
Table 4 shows an example tab from the database created for the machine tool sector. In this
particular case, the “industrial designer” professional profile is shown as an example. The hierarchic
order of the occupational groups is presented at the first four rows of the table: The “industrial
designer” job profile belongs to the “product and garment designers” group, which is part of the
broader “architects, planners, surveyors and designers” occupation group, and so on. The database
also includes a web link to the ESCO website where all the presented information about the job profile
is available. Additionally, the table shows the alternative labels for the introduced job profile along with
the ISCO profile number. This number is the international occupation code for the ISCO. Furthermore,
the table details the (essential and optional) skills and knowledge needs of the “industrial designer”
profile. The current skills needs which were extracted from the ESCO database are presented in black
whereas the future skills which were introduced through our present research are in red. The complete
version of Table 4 is present in the Supplementary Materials.
Table 4. An example job profile extracted from the generated machine tool sectorial database
(shortened version).
Professionals
Science and engineering professionals
Architects, planners, surveyors and designers
Product and garment designers
Professional Job Profile: Industrial Designer
ESCO link: http://data.europa.eu/esco/occupation/ab7bccb2-6f81-4a3d-a0c0-fca5d47d2775
product design specialist//industrial designers//product designer//CAD design expert//industrial design
expert//3D CAD design specialist//industrial design specialist//3D CAD design expert//ergonomic
designer//packaging designer//CAD design specialist//ceramic products designer//product design expert//glass
products designer//CAD designer//3D CAD designer//toy designer
Industrial designers work out ideas and develop them into designs and concepts for a wide variety of
manufactured products. They integrate creativity, aesthetics, production feasibility, and market relevance in














conduct research on trends in design



















adapt existing designs to changed circumstances
adapt to new design materials
analyze production processes for improvement
apply 3D imaging techniques











advanced data analysis and modelization
additive manufacturing
quantitive and statistical skills
basic digital skills
energy efficiency
product life cycle impact assessment
circular economy
Cybersecurity
inspecting and monitoring skills
teamwork skills
use of digital communication tools
critical thinking and decision making










adaptability and continuous learning
teaching and training the others
interdisciplinary thinking and acting
active listening
process analysis
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This can be considered a smart table thanks to the automation process of the database. Hence, in the
excel spreadsheet of Table 4, when we change the “industrial designer” job profile to another profile,
all of the information connected with the new profile is displayed automatically in the table, substituting
the data about “industrial designer”. This ability allows the database to show the skills needs of any
job profile immediately and makes it a very useful tool during the implementation of skills.
Table 5 provides a succinct view of the automated database that we generated: two professional
profiles related to the machine tool sector, their description, ISCO numbers and their current skills
needs. All the displayed data in this table is extracted from ESCO. On the other hand, our contribution
to the database through this research is demonstrated in Table 6: future skills needs of the two selected
profiles. These recently added skills are chosen from the list of technical, transversal and green skills
presented in Tables 1–3. The full versions of Tables 5 and 6 (with all the machine tool job profiles) can
be found in Supplementary Materials.
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Table 5. A view of the automated database for the professional profiles related to the machine tool sector: profile description, weblink, alternative labels ISCO number
and current competencies (in excel format).
ESCO







industrial tool engineering specialist//industrial tool design quality control
supervisor//industrial tool design developer//tool design engineer//industrial tool
technology engineering specialist//industrial tool design producer//industrial tool
production supervisor//industrial tool developer//industrial tool technology engineering
adviser//industrial tool designer//industrial tool production designer//industrial tool
production specialist engineer//industrial tool technology engineering expert//industrial
tool development engineer//industrial tool technology engineering consultant//industrial
tool test engineer//industrial tool engineering expert//industrial tool graphic
designer//industrial tool engineer//industrial tool engineering consultant//industrial tool
technology engineer//industrial tool engineering adviser
tooling technology engineering adviser//tooling engineering
adviser//tooling technology engineering expert//tools
engineer//tooling technology engineering consultant//press
tooling engineer//tooling design engineer//tooling technology
engineer//tooling engineering consultant//toolmaker//tooling
engineering specialist//tooling development engineer//tooling
technology engineering specialist//manufacturing tooling
engineer//tooling engineering expert//toolmaker/tooling engineer
Description
Industrial tool design engineers design various industrial tools in accordance with
customer needs, manufacturing requirements, and building specifications. They test the
designs, look for solutions to any problems, and oversee production.
Tooling engineers design new tools for manufacturing equipment.
They prepare tooling quotation requests. They estimate costs and
delivery time, manage tooling construction follow-up and
supervise the routine maintenance of tools. They also analyze
data to determine the cause of major tooling difficulties and





CAD software CAD software
design drawings CAE software
industrial engineering engineering principles
industrial tools engineering processes
manufacturing processes ICT software specifications
mathematics industrial engineering
mechanical engineering manufacturing processes
mechanics mathematics
production processes mechanics
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Table 5. Cont.
ESCO
Occupation Industrial Tool Design Engineer Tooling Engineer
technical drawings multimedia systems
skill/competence physics
adjust engineering designs production processes
approve engineering design quality and cycle time optimization
create solutions to problems reverse engineering
design prototypes technical drawings
execute feasibility study skill/competence
identify customer’s needs adjust engineering designs
inspect industrial equipment approve engineering design
perform scientific research build a product’s physical model
provide technical documentation create a product’s virtual model
read engineering drawings determine production feasibility
troubleshoot estimate duration of work
use CAD software execute analytical mathematical calculations
use specialized design software perform scientific research
use technical drawing software provide cost-benefit analysis reports
optional read engineering drawings
knowledge use a computer
3D modeling use CAD software
engineering principles use computer-aided engineering systems
engineering processes use technical drawing software
material mechanics optional
reverse engineering knowledge
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Table 5. Cont.
ESCO
Occupation Industrial Tool Design Engineer Tooling Engineer
skill/competence 3D modeling
advise on safety improvements electromechanics
build a product’s physical model material mechanics
create a product’s virtual model skill/competence
determine production capacity advise customers on new equipment
determine production feasibility analyze production processes for improvement
estimate duration of work attend trade fairs
maintain industrial equipment communicate with customers
manage supplies design prototypes
monitor production developments determine production capacity
plan manufacturing processes ensure compliance with environmental legislation
provide advice to technicians liaise with engineers
provide cost-benefit analysis reports manage health and safety standards
use a computer manage supplies
use computer-aided engineering systems monitor production developments
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Table 6. A view of the database for the professional profiles related to the machine tool sector: future
competencies (in excel format).
Industrial Tool Design Engineer Tooling Engineer
Essential Future Skills Essential Future Skills
IoT IoT
big data big data
collaborative/autonomous robotics collaborative/autonomous robotics
artificial intelligence artificial intelligence
machine learning machine learning
cloud computing cloud computing
digital twins agile human-machine interfaces (HM)
agile human-machine interfaces (HM) cyber-physical systems (CBS)
cyber-physical systems (CBS) augmented reality (AR)
augmented reality (AR) process analysis
Cura 3D software additive manufacturing
cybersecurity post-processing
additive manufacturing laser technology
automated virtual metrology (AVM) system 3D printing
traceability ERP and MES systems
blockchain communication among components, equipment(M2M), and environment
virtual systems for process simulation and for
process control online inspection and monitoring systems
basic data input and processing equipment and process monitoring & itsimplementation
advanced data analysis and modelization automated virtual metrology (AVM) system
data management-safe storage, traceability
cybersecurity predictive and proactive maintenance
use of digital communication tools computerized maintenance management
advanced communication skills process simulation and integration in manufacturing
interpersonal skills and empathy virtual systems for process simulation and forprocess control
entrepreneurship and initiative-taking basic data input and processing
risk management advanced data analysis and modelization
critical thinking and decision making data management-safe storage,
Interdisciplinary thinking and acting use of digital communication tools
active listening advanced communication skills
teamwork skills interpersonal skills and empathy
advanced literacy entrepreneurship and initiative-taking
quantitative and statistical skills risk management
complex information processing and interpretation critical thinking and decision making
complex problem solving Interdisciplinary thinking and acting
environmental awareness active listening
energy efficiency teamwork skills
product life cycle impact assessment advanced literacy
circular economy quantitative and statistical skills
Optional Future Skills complex information processing and interpretation
continuous learning complex problem solving
teaching and training the others environmental awareness
active listening energy efficiency
process analysis platforms for energy management of equipmentand plants
knowledge and understanding of quality procedures
related to digital transformation monitoring systems of energy consumption
negotiation skills sustainable resource management
customer relationship management waste reduction and waste management
leadership and managing others water conservation
Metals 2020, 10, 1665 18 of 23
Table 6. Cont.
Industrial Tool Design Engineer Tooling Engineer
adaptability and adapt to change resource reuse/recycling
cultural empathy product life cycle impact assessment
work autonomously circular economy
appropriate linguistic skills Optional Future Skills
creativity cybersecurity
conflict resolution digital twins
knowledge and understanding of international and
national standards and legislation continious learning
- teaching and training the others
- knowledge and understanding of quality proceduresrelated to digital transformation
- negotiation skills
- customer relationship management
- leadership and managing others
- adaptability and adapt to change
- cultural empathy
- work autonomously
- appropriate linguistic skills
- creativity
- conflict resolution
- climate change risk management
- knowledge and understanding of international andnational standards and legislation
In addition, due to the approach used in this research, the findings of the study will lead to the
continuous development of the ESCO, and can thus be used more effectively by the end-users.
Furthermore, in order to confirm the validity of this research, the results were presented to the
directors of the Inzu Group (INZU). We selected INZU as it is an internationally recognized industrial
group formed by highly specialized companies from different sectors related to both Industry 4.0
and the Machine Tool sector. Among them, there are companies for the development of Industrial
IoT (Aingura IIoT), Industrial Cyber-Security (Titanium), and many more enterprises related to the
Machine Tool Sector (Etxe-Tar, Talens, Gaindu, Gurutzpe and Macarbox mainly). INZU showed
interest in our work immediately; they analyzed the results of our research and ensured their validity.
They evaluated the database and considered it as a functional element to support the strategy for the
skills development of the human resources department in their machine tool companies.
4. Conclusions
The machine tool sector is one of the significant sub-sectors of the metal industry and the backbone
of every single metal manufacturing operation. In recent years, emerging digitalization has deeply
impacted the sector as manufacturing models have been constantly and profoundly changing with the
application of smart technologies. The new phase of automation enables the machine tool producers
not only to optimize processes and increase productivity but also to generate products with higher
quality, reliability and performance and to offer better services to customers. Hence, Industry 4.0 may
be considered as a crucial opportunity for the machine tool sector. Nevertheless, the only way for
facing the challenges emerging with digitalization and converting them into advantages is to build a
multi-skilled workforce capable of handling the implementation of new business models. Creating this
high-qualified workforce is possible through (1) establishing a sectoral skills strategy (2) defining the
foreseen skills requirements, (3) identifying the skills mismatch between the job profiles and the labor
force (4) developing continuous and convenient training programs, (5) reskilling and upskilling of
the workforce through well-developed training programs. In this work, we focused on steps (1) and
(2). We first presented a sectorial strategic plan adapted from other sectors. After, we analyzed the
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current skills needs and defined the expected evolution of skills requirements for the professional
profiles of the machine tool industry. For this purpose, we generated an integrated sectoral database
incorporating the current and near-future skills needs of selected professional profiles. During our
research for identifying the job profiles related to the machine tool sector and their current skills
needs, we used the ESCO database; for defining the future skills needs, we carried out detailed
desk research and benefited from a wide range of respectable sectoral and cross-sectoral European
frameworks, projects and publications combined with the compilations of subject matter experts’
opinions. Thanks to our interaction with ESCO experts, the findings of this research will help the
continuous development of ESCO and will be consistent with the ESCO framework, which is an
important reference commonly used by the European labor market, education and training centers.
It is our belief that the generated sectoral database is a fundamental tool and it is capable of guiding
the sector through future industrial changes. Indeed, our research was already validated by the Inzu
Group (INZU) which is an internationally acknowledged industrial group having several machine
tool companies. Also, the generated database was acknowledged as a useful tool by this organization
during the implementation of skills.
We believe that this research can be used as a guideline by the machine tool companies,
policymakers, academics and training centers during the development of effective training plans to
diminish the skills gaps between the curricula of the workforce and the demands of the industry.
Moreover, it is important to make good use of the synergies between the different EU initiatives to
support machine tool companies and particularly SMEs in their digital transformation. Well-developed
skills policies and well-directed supporting measures at EU and national levels also have critical
importance for SMEs to upgrade the skills of their workforce. The machine tool producers need further
encouragement and support from the policy-makers and training and education centers, to implement
the needed skills and be able to benefit from the digital revolution.
The machine tool sector is currently seeking further research projects particularly focusing on
the development of new skills due to the digitalization of the industry. The future lines of research
could ideally be about the next steps of the skills strategy that we developed herein: such as the
implementation of skills and designing the training programs. Therefore, our work can also serve as a
roadmap for future studies in this area.
Supplementary Materials: The following are available at http://www.mdpi.com/2075-4701/10/12/1665/s1,
Figure S1: an example tab of the automated database generated for the job profiles in the machine tool
industry, Figure S2: a brief view of the automated database (in excel format) including the description, alternative
names, ISCO numbers and current competences of the professional profiles related to the machine tool industry,
Figure S3: a brief view of the automated database (in excel format) including future competencies needed by the
professional profiles related to the machine tool industry.
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Abbreviations
ISO The International Organization for Standardization
EDM Electrical Discharge Machining
SME Small or Medium-Sized Company
CPS Cyber-Physical-Systems
IoS Internet of Services (IoS)
M2M Machine to Machine
CECIMO European Association of the Machine Tool Industries
QA Quality Assurance
AVM Automated Virtual Metrology
AI Artificial Intelligence
IoT Internet of Things
VBA Visual Basic for Applications
ESCO European Skills, Competences, Qualifications and Occupations
ISCO Standard Classification of Occupations
ILO International Labor Organization
ICT Information and Communications Technology
CEPIS Council of European Professional Informatics Societies
CEN European Committee for Standardization
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Blueprint “New Skills Agenda Steel”: Industry-driven sustainable European Steel
Skills Agenda and Strategy
APPRENTICESHIPQ
Development and Research on Innovative Vocational Educational Skills
Mainstreaming Procedures for Quality Apprenticeships in Educational
Organisations and Enterprises
SMeART
Knowledge Alliance for Upskilling Europe’s SMEs to Meet the Challenges of
Smart Engineering
SPIRE-SAIS
Skills Alliance for Industrial Symbiosis—A Cross-Sectoral Blueprint for a
Sustainable Process Industry
METALS Machine Tool Alliance for Skills
ACETECH German National Academy of Science and Engineering
References
1. Boiocchi, F. Sharp Decline in Machine Tool Orders—Many Sectors Reluctant to Invest. Metal Working World
Magazine. Available online: https://www.metalworkingworldmagazine.com/sharp-decline-in-machine-tool-
orders-many-sectors-reluctant-to-invest/ (accessed on 23 October 2020).
2. FWC Sector Competitiveness Studies. Competitiveness of the EU Metalworking and Metal Articles
Industries Final Report 18th November 2009. Available online: http://ec.europa.eu/DocsRoom/documents/
12314/attachments/1/translations/en/renditions/native (accessed on 9 November 2020).
3. CECIMO, European Association of the Machine Tool Industries and Related Manufacturing Technologies.
Machine Tools. Available online: https://www.cecimo.eu/machine-tools/ (accessed on 1 November 2020).
4. ISO Online Browsing Platform. ISO 14955-1:201 Machine Tools—Environmental Evaluation of Machine
Tools—Part 1: Design Methodology for Energy-Efficient Machine Tools. Available online: https://www.iso.
org/obp/ui/#iso:std:iso:14955:-1:ed-2:v1:en (accessed on 20 October 2020).
5. CECIMO; European Association of the Machine Tool Industries and Related Manufacturing Technologies.
CECIMO Circular Economy Report: The European Machine Sector and the Circular Economy. Available
online: https://www.cecimo.eu/publications/report-circular-economy/ (accessed on 20 October 2020).
6. Karacay, G. Talent Development for Industry 4.0. In Industry 4.0: Managing the Digital Transformation;
Ustundag, A., Cevikcan, E., Eds.; Springer International Publishing: Cham, Switzerland, 2018; pp. 123–135.
7. Branca, T.A.; Fornai, B.; Colla, V.; Murri, M.M.; Streppa, E.; Schröder, A.J. The Challenge of Digitalization in
the Steel Sector. Metals 2020, 10, 288. [CrossRef]
Metals 2020, 10, 1665 21 of 23
8. European Commission; European Council; the Council; the European Economic and Social Committee;
the Committee of the Regions; the European Investment Bank. Investing in a Smart, Innovative and
Sustainable Industry. A Renewed EU Industrial Policy Strategy. Available online: https://eur-lex.europa.eu/
legal-content/EN/TXT/?uri=COM%3A2017%3A0479%3AFIN (accessed on 24 October 2020).
9. Beltrametti, L.; Guarnacci, N. La Fabbrica Connessa. La Manifattura Italiana (Attra)Verso Industria 4.0; goWare &
Edizioni Guerini e Associati: Milan, Italy, 2017.
10. Chen, B.; Wan, J.; Shu, L.; Li, P.; Mukherjee, M.; Yin, B. Smart factory of Industry 4.0: Key technologies,
application case, and challenges. IEEE Access 2017, 6, 6505–6519. [CrossRef]
11. Lizarralde-Dorronsoro, R.; Ganzarain-Epelde, J.; López, C.; Serrano-Lasa, I. An Industry 4.0 maturity model
for machine tool companies. Technol. Forecast. Soc. Chang. 2020, 159, 120203. [CrossRef]
12. Eguren-Egiguren, J.-A.; Goti-Elordi, A.; Pozueta-Fernandez, L. Design, Application and Evaluation of a
Model for Process Impovement in the context if mature industrial sectors: Case Study. Dyna 2011, 86, 59–73.
[CrossRef]
13. ACATECH. Position Paper, Skills for Industrie 4.0: Training Requirements and Solutions. ACATECH
Position Paper. Available online: https://www.acatech.de/publikation/kompetenzen-fuer-industrie-4-0-
qualifizierungsbedarfe-und-loesungsansaetze/download-pdf/ (accessed on 27 November 2020).
14. Gavilanes-Trapote, J.; Río-Belver, M.R.; Cilleruelo-Carrasco, E.; Rodríguez-Andara, A. Visualization of the
digital transformation of the machine tool sector towards an industry 4.0. Dyna 2018, 93, 587–591. [CrossRef]
15. Garcia, I.; Sanchez, F.; Otegi, J.-R. Blockchain as a key component in the machine tool sector under industry
4.0. Dyna 2019, 94, 253–257. [CrossRef]
16. Liu, C.; Xu, X. Cyber-Physical Machine Tool—The Era of Machine Tool 4.0. Procedia CIRP 2017, 63, 70–75.
[CrossRef]
17. Liu, C.; Vengayil, H.; Zhong, R.Y.; Xu, X. A systematic development method for cyber-physical machine
tools. J. Manuf. Syst. 2018, 48, 13–24. [CrossRef]
18. Barton, D.; Gönnheimer, P.; Schade, F.; Ehrmann, C.; Becker, J.; Fleischer, J. Modular smart controller for
Industry 4.0 functions in machine tools. Procedia CIRP 2019, 81, 1331–1336. [CrossRef]
19. Kodama, F.; Shibata, T. Beyond fusion towards IoT by way of open innovation: An investigation based on
the Japanese machine tool industry 1975-2015. J. Open Innov. Technol. Mark. Complex. 2017, 3, 23. [CrossRef]
20. The History of Industry 4.0 and How to Changing Machine Tools. Available online: https://www.market-
prospects.com/articles/industry-4-0-how-to-changing-machine-tools (accessed on 9 November 2020).
21. 5 Ways Machine Tools Are Impacted by Industry 4.0. Available online: https://www.americanmachinist.
com/enterprise-data/article/21903107/5-ways-machine-tools-are-impacted-by-industry-40 (accessed on
9 November 2020).
22. Schmidt, B.; Wang, L. Predictive Maintenance of Machine Tool Linear Axes: A Case from Manufacturing
Industry. Procedia Manuf. 2018, 17, 118–125. [CrossRef]
23. Goti-Elordi, A.; De La Calle-Vicente, A.; Gil-Larrea, M.; Errasti, A.; Uradnicek, J. Application of a Business
Intelligence Tool within the Context of Big Data in a Food Industry Company. Dyna 2017, 92, 347–353.
[CrossRef]
24. Tieng, H.; Tsai, T.H.; Chen, C.F.; Yang, H.C.; Huang, J.W.; Cheng, F.T. Automatic Virtual Metrology and
Deformation Fusion Scheme for Engine-Case Manufacturing. IEEE Robot. Autom. Lett. 2018, 3, 934–941.
[CrossRef]
25. ESSA. ESTEP—European Steel Skills Agenda (ESSA). Agreement Number: 2018-3059/001-001, Project
Number: 600886-EPP-1-2018-1-DE-EPPKA2-SSA-B. Available online: https://www.estep.eu/essa/ (accessed
on 28 March 2020).
26. Stock, T.; Seliger, G. Opportunities of Sustainable Manufacturing in Industry 4.0. Procedia CIRP 2016, 40,
536–541. [CrossRef]
27. Sony, M. Pros and Cons of Implementing Industry 4.0 for the Organizations: A Review and Synthesis of
Evidence. Prod. Manuf. Res. 2020, 1, 244–272. [CrossRef]
28. Digitising Industry: Best Practices to Promote the Digital Transformation of SMEs in Traditional Sectors of
the Economy. Available online: https://eufordigital.eu/digitising-industry-best-practices-to-promote-the-
digital-transformation-of-smes-in-traditional-sectors-of-the-economy/ (accessed on 29 November 2020).
Metals 2020, 10, 1665 22 of 23
29. European Commission (Executive Agency for Small and Medium-sized Enterprises). Blueprint for Sectoral
Cooperation on Skills; Publications Office of the EU: Luxembourg, 2019. Available online: https://op.europa.
eu/es/publication-detail/-/publication/ff0f8660-ca07-11e9-992f-01aa75ed71a1 (accessed on 24 October 2020).
30. Lindzon, J. How AI Is Changing the Way Companies Are Organized. Available online: https:
//www.fastcompany.com/3068492/how-ai-is-changing-the-way-companies-are-organized (accessed on
24 October 2020).
31. Bughin, J.; Hazan, E.; Lund, S.; Dahlström, P.; Wiesinger, A.; Subramaniam, A. Skill Shift:Automation and the
Future of the Workforce; McKinsey Global Institute: Brussels, Belgium, 2018.
32. Deming, D. The Growing Importance of Social Skills in the Labor Market. Q. J. Econ. 2015, 132, 1593–1640.
[CrossRef]
33. Grundke, R.; Squicciarini, M.; Jamet, S.; Kalamova, M. Having the right mix: The role of skill bundles for
comparative advantage and industry performance in GVCs. OECD Sci. Technol. Ind. Work. Pap. 2017.
[CrossRef]
34. Lee, V.H.; Ooi, K.B.; Chong, A.Y.L.; Lin, B. A structural analysis of greening the supplier, environmental
performance and competitive advantage. Prod. Plan. Control 2015, 26, 116–130. [CrossRef]
35. Horrillo, J.; Triado, J. Carencias Formativas de los Grados de Ingeniería para la Industria 4.0 en España. Una
Propuesta de Actuaciones. Dyna 2018, 93, 365–369. [CrossRef]
36. Freddi, D. Digitalisation and employment in manufacturing: Pace of the digitalisation process and impact
on employment in advanced Italian manufacturing companies. AI Soc. 2018, 33, 393–403. [CrossRef]
37. DRIVES. Project Title: DRIVES: Development and Research on Innovative Vocational Educational
Skills, Program: Erasmus+ Knowledge Alliances. Project lifetime: 1 January 2018–31 December
2021. Project Co-ordinator: Technical University of Ostrava (Czech Republic). Available online:
https://www.project-drives.eu/en/home (accessed on 24 October 2020).
38. ApprenticeshipQ. Project Title: Mainstreaming Procedures for Quality Apprenticeships in Educational
Organisations and Enterprises (ApprenticeshipQ). Program: Erasmus+ Knowledge Alliances. Project
Lifetime: 1 January 2018–31 December 2020. Project Co-ordinator: Baden-Wuer. Available online: https:
//apprenticeshipq.eu/ (accessed on 24 October 2020).
39. SMeART. SMeART–Making Europe’s SMEs Smart, Knowledge Alliance for Upskilling Europe‘s SMEs to
Meet the Challenges of Smart Engineering. Project Reference Number: 575932-EPP-2016-DE-EPPKA2-KA.
Available online: http://www.smeart.eu/en/about/ (accessed on 28 March 2020).
40. Spire-Sais Skills Alliance for Industrial Symbiosis. A Cross-Sectoral Blueprint for a Sustainable Process
Industry. SPIRE. Available online: https://www.spire2030.eu/sais (accessed on 1 October 2020).
41. Akyazi, T.; Goti, A.; Oyarbide, A.; Alberdi, E.; Bayon, F. A Guide for the Food Industry to Meet the Future
Skills Requirements Emerging with Industry 4.0. Foods 2020, 9, 492. [CrossRef]
42. Akyazi, T.; Oyarbide-Zubillaga, A.; Goti, A.; Gaviria, J.; Bayon, F. Roadmap for the future professional
skills for the Oil and Gas Industry facing Industrial Revolution 4.0. Hydrocarb. Process. 2020.
Available online: https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Roadmap+for+the+
future+professional+skills+for+the+Oil+and+Gas+Industry+facing+Industrial+Revolution+4.0&btnG=
(accessed on 1 October 2020).
43. Akyazi, T.; Alvarez, I.; Alberdi, E.; Oyarbide-Zubillaga, A.; Goti, A.; Bayon, F. Skills Needs of the Civil
Engineering Sector in the European Union Countries: Current Situation and Future Trends. Appl. Sci. 2020,
10, 7226. [CrossRef]
44. Project Title: METALS Machine Tool Alliance for Skills, Program: Erasmus + Knowledge Alliances, Project
Lifetime: 1 January 2015–31 December 2018, Project Co-ordinator: CECIMO—European Association of
the Machine Tool Industries. Project Reference Number: 562464-EPP-1-2015-1-BE-EPPKA2-SSA. Available
online: http://www.metalsalliance.eu/ (accessed on 30 November 2020).
45. ESCO—European Commission ESCO. European Skills/Competences Qualifications and Occupations.
Available online: https://ec.europa.eu/esco/portal/home?resetLanguage=true&newLanguage=en (accessed on
26 October 2020).
46. CEPIS Council of European Professional Informatics Societies. Available online: https://cepis.org/ (accessed on
26 October 2020).
47. CEN European Committee for Standardization. Available online: https://www.cen.eu/about/Pages/default.
aspx (accessed on 26 October 2020).
Metals 2020, 10, 1665 23 of 23
48. European Committee for Standardization. WS ICT Skills. Available online: https://www.cen.eu/work/areas/
ict/eeducation/pages/ws-ict-skills.aspx (accessed on 28 March 2020).
49. ACATECH. German National Academy of Science and Engineering. Available online: https://en.acatech.de/
academy/ (accessed on 30 November 2020).
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
